Objective: The National Comprehensive Cancer Network (NCCN) guidelines recommend local excision and observation as standard treatment for selected patients with clinical T1N0M0 rectal cancer. In patients with pathological T1 (pT1) rectal cancer who received local excision, the local recurrence rate is at least 10%. We studied oncological outcomes in patients with pT1 rectal cancer who received chemoradiotherapy (CRT) after local excision. Methods: Local excision was performed in 65 patients with clinical T1N0M0 rectal cancer (≤8 cm from the anal verge, tumor size < 30 mm, well or moderately differentiated adenocarcinoma). The patients received CRT (40 or 45 Gy in 1.8-2.0 fractions with concurrent oral UFT [tegafur/uracil] or S-1 [tegafur/gimeracil/oteracil]) after confirmation of pT1 and negative margins. Results: Patients who had pT2 cancer or who did not provide informed consent were excluded. The remaining 50 patients additionally received CRT. The CRT was completed in 48 patients (96%). The median follow-up period was 71 months.
Outcomes of Local Excision plus Chemoradiotherapy in Patients with T1 Rectal Cancer

Introduction
The standard treatments for rectal cancer invading the submucosa with no lymph node metastasis (clinical T1N0) are local excision and radical surgery [1] . Radical surgery is well known to be associated with a relatively high morbidity and can cause postoperative dysfunction of the rectum and the bladder and sexual dysfunction, negatively affecting patients' quality of life [2] [3] [4] [5] . Therefore, local excision has been performed in some patients with clinical T1 rectal cancer. The National Comprehensive Cancer Network (NCCN) guidelines recommend the transanal local excision for patients with tumors of < 30% circumference of the bowel, < 3 cm in size, with a negative margin, and located ≤8 cm from the anal verge. Followup observation can be performed in patients who do not have a histologically positive margin, lymphovascular invasion, poorly differentiated adenocarcinoma, or invasion of the lower third of the submucosa (sm3) [1] .
The rate of local recurrence has been reported to be relatively high after local excision alone [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, local recurrence is almost completely inhibited by additionally administering chemoradiotherapy (CRT) after local excision [11, [16] [17] [18] . A meta-analysis reported that the rate of local recurrence was 5% in patients who received radiotherapy or CRT after local excision, which was similar to that (4%) in those who underwent total mesorectal excision (TME) [19] . The relations between image analysis of cancer invasion and lymph node metastasis have been studied in T1 colorectal cancer. The rate of lymph node metastasis was reported to increase in parallel to the depth of tumor invasion [20] . The width of T1 invasion [21, 22] , cross-sectional area of T1 invasion [22] , lymphatic invasion [20, 22] , venous invasion [22, 23] , and histologic type [20] [21] [22] have been reported to be risk factors for local recurrence. However, accurate predictive factors remain to be established.
We performed transanal full-thickness local excision in patients with cT1N0 rectal cancer in whom transanal tumor resection was feasible. We then confirmed pathological T1 stage with negative margins and the absence of poorly differentiated adenocarcinoma. All patients subsequently received CRT. We report the treatment outcomes of such patients.
Patients and Methods
From June 2000 through October 2017, local excision was performed in 65 patients with clinical T1N0M0 rectal cancer in whom the tumor was located ≤8 cm from the anal verge and the tumor diameter was < 30 mm and who had biopsy-proven well-differentiated or moderately differentiated adenocarcinoma. Clinical stage was diagnosed on the basis of digital rectal examination, barium enema examination, colonoscopy, endorectal ultrasonography, computed tomography of the chest, abdomen, and pelvis, and pelvic magnetic resonance imaging. After local excision, patients who had pathological T2 (pT2) cancer or included components of poorly differentiated adenocarcinoma or mucinous carcinoma additionally underwent TME surgery. Patients who had well-differentiated or moderately differentiated adenocarcinoma with negative resection margins and provided informed consent additionally received postoperative CRT.
Surgery
Transanal full-thickness local resection was performed while securing a horizontal margin of 1 cm from the tumor.
Adjuvant CRT
Postoperative radiotherapy was performed with 15 MV X-rays delivered by a linear accelerator (Clinac 21EX, Varian Medical Systems, Inc., Palo Alto, CA, USA) using a 4-field technique. Irradiation was carried out once (1.8 or 2 Gy) daily to a total dose of 40-45 Gy.
Concomitant chemotherapy with oral UFT (tegafur/uracil; 400 mg/m 2 ) or oral S-1 (tegafur/gimeracil/oteracil; 80 mg/m 2 ) was started at the same time as radiotherapy. Oral UFT was simultaneously given with radiotherapy on 5 weekdays, followed by a 2-day rest on the weekends. This cycle was repeated during irradiation. Oral S-1 (80 mg/m 2 ) was simultaneously begun with radiotherapy. S-1 was given for 2 consecutive weeks, followed by a 1-week rest, and was then given for another 2 weeks [24, 25] .
Surveillance
After local excision, surveillance was performed on an outpatient basis for 5 years. Examinations were performed every 3-4 months during the first 2 years and every 6 months thereafter until 5 years. Examinations included physical examination, digital rectal examination, blood tests, including serum carcinoembryonic antigen, and abdominal ultrasonography. Computed tomography of the chest, abdomen, and pelvis was performed every 6 months. Colonoscopy was performed 6 months and 1, 3, and 5 years after surgery. Statistical Analysis Statistical analysis was performed using SPSS for Windows, version 24 (IBM Japan, Ltd., Tokyo, Japan). Actuarial survival curves were calculated according to the Kaplan-Meier method. The rates of disease-free survival (DFS) and overall survival (OS) were determined by log-rank analysis.
This study was approved by the institutional review board of our university (17R-366), and all patients provided written informed consent.
Results
Patient and Tumor Characteristics
Local excision was performed in 65 patients with cT1N0M0 rectal cancer. Four patients found to have pT2 disease on histopathological examination and 11 patients who refused CRT were excluded from the analysis. The remaining 50 patients additionally received postoperative CRT. The patient characteristics are shown in Table 1 . The median tumor diameter was 19 mm (range, 7-29 mm). The median distance from the anal verge was 4.0 cm (range, 1-8 cm).
CRT-Related Adverse Events
Two patients had grade 2 or higher adverse events. One patient discontinued concurrent chemotherapy because of grade 2 leukopenia. The other patient had grade 3 diarrhea, leukopenia, and neutropenia and discontinued CRT at a dose of 40 Gy. The scheduled course of CRT was completed in 48 patients (96%) ( Table 2) .
Survival Analysis
The median follow-up period was 71 months (range, 4-211 months). The 5-year DFS rate was 86%, the 5-year local recurrence-free survival rate was 86%, and the 5-year OS rate was 92% (Fig. 1) . Recurrence occurred in 4 patients Values are n (%). (8%). Recurrence was local in 1 patient (2%), involved the liver in 1 patient (2%), and involved the lung in 2 patients (4%) ( Table 3) . Local recurrence developed in the mesorectal lymph nodes 37 months after surgery, and abdominoperineal resection was performed. As of 179 months after surgery, the patient is still alive, with no recurrence.
Overall, 5 patients died. Two of the 3 patients with distant recurrence died of recurrent cancer. The other 3 patients died of other causes.
Discussion
Lymph node metastases have been reported to occur in 9-17% of patients with pT1 rectal cancer [20] [21] [22] [23] . The rate of local recurrence after local excision ranges from 11 to 18% [6-8, 10, 12-14, 26, 27] . In rectal cancer, 27% of metastatic lymph nodes were reported to be 3 mm or less in diameter. Lymph node metastasis is, thus, difficult to accurately diagnose preoperatively on the basis of lymph node size [28] .
Nascimbeni et al. [20] studied the relation between infiltration patterns and lymph node metastasis in patients with T1 colorectal cancer. The depth of invasion was divided into 3 levels. The rate of lymph node metastasis was 3% in patients whose tumors invaded the upper third of the submucosa (sm1), 8% in patients whose tumors invaded the middle third of the submucosa (sm2), and 23% in patients whose tumors invaded the lower third of the submucosa (sm3). The rate of lymph node metastasis, thus, increased in parallel to the depth of invasion. We previously reported that the depth of invasion was unrelated to the rate of lymph node metastasis in patients with T1 rectal cancer. Lymph node metastasis was not found in patients with a width of T1 invasion of < 5 mm and occurred in 30% of patients with a width of T1 invasion of ≥5 mm. The width of tumor invasion was, thus, closely related to the rate of lymph node metastasis in patients with T1 rectal cancer (p = 0.005) [21] . Toh et al. [22] reported no relation between the incidence of lymph node metastasis and the depth of invasion and found that the incidence of lymph node metastasis was closely related to the width and cross-sectional area of invasion in patients with T1 rectal cancer (p = 0.001, p < 0.001). Diagnostic methods for lymph node metastasis on the basis of image analysis of tumor invasion remain to be established.
Min et al. [26] designated lymphovascular invasion, margin involvement, and sm2 or deeper invasion of the submucosa as risk factors for recurrence in patients with T1 rectal cancer and found local recurrence after local excision with no risk factors in 3 (12%) of 26 patients. Blumberg et al. [23] reported that lymphovascular invasion and poorly differentiated adenocarcinoma are risk factors for recurrence in patients with T1 rectal cancer and found local recurrence in 3 (7%) of 42 patients who underwent local excision for T1 rectal cancer with no risk factors. The rate of local recurrence was reported to be high after local excision alone even in patients who had T1 rectal cancer with no risk factors. We, therefore, administered CRT in all patients with pT1 rectal cancer postoperatively. Some studies have found no difference between local excision and TME surgery in local recurrence rates or outcomes of patients with T1 rectal cancer [7, 14, 29] . However, Stornes et al. [6] studied 543 patients with T1 rectal cancer and reported that the local recurrence rate was 14.5% in patients who underwent transanal endoscopic microsurgery, which was significantly higher than the recurrence rate (1.4%) in patients who underwent TME (p < 0.001). The 5-year OS rate was significantly lower in the transanal endoscopic microsurgery group (65.3%) than in the TME group (81.5%, p = 0.012). You et al. [8] used the National Cancer Data Base (NCDB) and found that the local recurrence rate was significantly higher after local excision (12.5%) than after standard TME surgery (6.9%, p = 0.003) in patients with pT1 rectal cancer. The 5-year OS rate was significantly lower in the local excision (78%) than the standard surgery (86%, p = 0.009) [30] . Consequently, an increasing number of patients with T1 rectal cancer are additionally receiving CRT after local excision. Borstlap et al. [19] performed a meta-analysis of 14 studies and found that the local recurrence rate in patients with T1 rectal cancer who additionally received CRT or radiotherapy after local excision (5%) was similar to that in patients who underwent TME (4%).
In our study of patients with pT1 cancer who additionally received radiotherapy after local resection, only 1 patient (2%) had local recurrence, the 5-year OS rate was 91.4%, and the 5-year DFS rate was 85.8%, indicating good outcomes.
Conclusions
The results of our study suggested that multidisciplinary treatment combining local resection with postoperative CRT can be a treatment option in selected patients with pT1N0M0 rectal cancer without risk factors.
